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(54) Easily tearable biaxially oriented polyester film 

(57) The present application provides a biaxially ori- 
ented polyester film having a linearly tearable property 
at least in a longitudinal direction, and excellent in the 
producability at mass production scale, which can be 
produced from the mixture of polybutylene terephtha- 
late containing 5 to 20% by weight of a polytetramethyl- 
ene glycol (PTMG) unit having a molecular weight of 
600 to 4,000 (modified PBT) and polyethylene tereph- 
thalate (PET) in a weight ratio (PET/modified PBT) of 
70/30 to 95/5. 
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Description 

The present invention relates to a biaxiaily oriented polyester film which has excellent linearly tearing properties at 
least in a longitudinal direction of the film, excellent strength, excellent heat resistance and excellent dimensional sta- 

5 bility and is useful as a packaging material for foods (e.g. confectionery, pickle, soybean paste, soup, jam, etc.), frozen 
foods, refrigerated foods, retort-packed foods, drugs, daily necessities and cosmetics. 

Various packaging bags made of plastic films are widely used for packaging foods, drugs, miscellaneous goods, 
etc.. and packaging bags produced by laminating two or more biaxiaily oriented plastic films and heat-sealable non-ori- 
ented plastic film are widely used. 

10 The biaxiaily orierrted polyester film is superior in durability, moisture resistance, mechanical strength, heat resist- 
ance and oil resistance, and biaxiaily oriented polyester lilms produced by a tubular method, a flat simultaneous biaxi- 
aily orienting metiiod. a flat successive biaxiaily orienting method and the like are used in the field of food packaging. 

However, the packaging bags using these biaxiaily oriented polyester films have a problem that the tearing property 
is poor. In order to improve the tearing property, a method of providing a notch is used. However, there often arises a 

75 phenomenon that the packaging bag can not be lineariy torn in case of tearing from this notch. In that case, not only 
the contents scatter on opening resulting in waste, but also clothes are sometimes soiled by an accident such as break- 
age of a soft confectionery such as cookie on opening, especially when the contents are liquid. 

Examples of the easily openable material, which is superior in linearly tearing property when tearing the film, 
include a laminated film containing a monoaxial oriented polyolef in film as an intermediate layer. For example, tiiere is 

20 a three-layer laminated film of a biaxiaily oriented polyester f ilm/hionoaxial oriented polyolef in film/non-oriented polyde- 
fin film. In this case, it is necessary to provide an intermediate layer intentionally, thereby causing a problem of high cost. 
Therefore, use thereof was limited. 

Therefore, as a method of imparting the linearly tearing property to tiie biaxiaily oriented polyester film itself, there 
has been suggested a biaxiaily oriented polyester film using as a main raw material a mixture comprising a thermoplas- 

25 tic polyester resin (i) wherein an acid component is mainly composed of terephthalic acid or naphthalenedicartx>xylic 
acid, and a thermoplastic polyester resin (ii) capable of forming a phase-separation from the polyester resin (i) (see Jap- 
anese Patent Application KOKAI No. 169962/1996). 

The above gazette discloses that polyethylene terephthalate (hereinafter referred to as "PET*) is used as (i) and a 
polyether polyester block copolymer comprising polytetramethytene glycol (hereinafter referred to as "PTMG") and pol- 

30 ytetramethylene terephthalate is used as (ii). However, when the production is conducted on a scale of mass produc- 
tion, for example, using an extruder (200 mm0 or more), the unevenness of the film increased to cause problems such 
as difficulty in film formation, deterioration of the linearly tearing property of the resulting film, decrease in commercial 
value as the packaging bag due to an increiase in haze of the film, etc. 

It is an object of the present invention to solve the above problems, thereby providing a biaxiaily oriented polyester 

35 film having a stable linearly tearing property and an excellent productivity on a scale of mass production, with maintain- 
ing low moisture absorption property, mechanical characteristics, transparency, aroma retention property, heat resist- 
ance and oil resistance as a special merit of the biaxiaily oriented polyester film as well as dimensional stability under 
dry heat and wet heat environmental conditions required particulariy to the food packaging material 

The problems can be solved by forming a film using a composition prepared by formulating polybutylene terephtha- 

40 late containing polytetrametfiylene glycol having a specific molecular weight (the polytetiramethylene glycol is referred 
to as "PTMG" hereinafter) in a specific amount (the polybutylene terephthalate containing PTMG is referred to as "mod- 
ified PBT" hereinafter). 

Fig. 1 is a schematic \n&N of a test piece used for the evaluation of the linearly tearing property of a film. 
Fig. 2 is a schematic view of a test piece after tearing in a tearing test, wherein (a) illustrates an example of a test 
45 piece after tearing of a sample having good linearly tearing property while (b) illustrates an example of a sample having 
poor linearly tearing property. 

The present invention relates to a biaxiaily oriented polyester film having a linearly tearing property at least in a lon- 
gitudinal direction, which is produced from the mixture of (a) polybutylene terephthalate containing 5 to 20% by weight 
of a poiytetramethylene glycol (PTMG) unit having a molecular weight of 600 to 4,000 (nrxxiif ied PBT) and (b) polyeth- 
50 ylene terephthalate (PET) in a weight ratio (PET/modified PBT) of 70/30 to 95/5. 

PET in the present invention is obtained by a well known method, that is, a method of an ester interchange reaction 
between dimethyl terephthalate and ethylene glycol, or a method of obtaining an oligomer by means of a direct esteri- 
f ication reaction between terephtiialic acid and ethylene glycol and subjecting said oligomer to the melt polymerization 
or solid phase polymerization. So far as the effect of the present invention can be obtained, other components may be 
55 copolymerized. 

Examples of the otiier copolymerizable component include dicartx>xylic acid such as isophtfialic acid, phthalic add, 
2,6-naphthalenedicarboxylic acid, 5-sodium sulfolsophthaiic acid, succinic acid, adipic ackJ, sebacic acid, dodecanotc 
diacid, dimer acid, maleic anhydride, maleic acid, fumartc acid, itaconk: add, citi-aconic acid, mesaconic acid, cycfohex- 
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anedicart>oxylic acid, etc.; oxycartoxylic acid such as 44iydroxybenzoic acid, e-caprolactone, lactic acid, etc.; glycol 
such as 1 .3>propanediol. 1 .6-hexanediol, cyclohexanedimethanol, etc.; and potyfunctional compound such as trimellitic 
acid, trimesic acid, pyromeilitic acid, trimethylolpropane. glycerine, pentaerythritol, etc. 

The molecular weight of PTMG used in the present invention is from 600 to 4.000, preferably from 1 ,000 to 3,000. 
5 more preferably from 1 ,000 to 2,000. 

When the molecular weight is less than 600. the linearly tearing property is not obtained. On the other hand, when 
it exceeds 4.000. performances such as mechanical strength, dimensional stability, haze, etc. are deteriorated. Further- 
more, the stable linearly tearing property of the film is not obtained. 

In the present invention, the modified PBT is obtained from an esterif ied compound (BT) of 1 ,4-butanediol and 
10 ter^hthalic acid, and PTMG, and BT as a raw material is obtained by a method of esterifying terephthalic acid directly 
with 1 .4-butanediol, or transesterrf ication between terephthalic acid and its lower alkyi esters (e.g. methyl, ethyl, isopro- 
pyl, etc.) and 1 .4-butanedioL Particularly preferred BT is obtained by the transesterif ication between 1 .4-butanediol and 
dimethyl terephthalate. A ratio of terephthalic acid {ester)/1 .4-butanediol is preferably 1 mol/1 .05 - 1 .80 mols. more pref- 
erably 1 mol/1 . 1 0 - 1 .60 mols. Regarding the reaction between terephthalic acid or its lower alkyI ester and 1 .4-butane- 
IS diol. both are substantially completely reacted each other to form an ester and an oligomer may be formed. The average 
polymerization degree of the ester is from atXDUt 1 to 10. The resulting BT has an unreacted carboxyl group or its lower 
alkyI ester and a hydroxyl group. This is further polycondensated with PTMG having a molecular weight of 600 to 4,000, 
or PTMG and PBT are melt-kneaded to form the modified PBT 

1 .4-Butanediol as the raw material may be replaced partially by the other glycols (up to 20% by mol), for example. 
20 alkylene glycol having 2 to 8 cart)on atoms, such as ethylene glycol, propylene glycol, trimethylene glycol, etc. unless 
the characteristics are deteriorated. 

Similarly regarding polytetramethylene glycol, the tet ram ethylene group may also be replaced partially by other 
alkylene group (up to 20% by mol) unless the characteristics are deteriorated. 

In the film of the present invention, the content of the PTMG unit constituting the modified PBT is from 5 to 20% by 
25 weight, preferably from 10 to 20% by weight vnore preferatrfy from 10 to 15% by weight. 

When the content of PTMG is less than 5% by weight, the linearly tearing property o1 the resulting film is not 
obtained. On the other hand, when it exceeds 20% by weight, performances such as mechanical strength, dimensional 
stability, haze, etc. of the resulting film are deteriorated and it becomes difficult to obtain the stable linearly tearing prop- 
erty of the film. Furthermore, when the content off PTMG exceeds 20% by weight, there sometimes arises a phenome- 
30 non wherein the film pulsates on extrusion when the production is conducted on a scale of mass production where an 
extruder of 200 mm0 or more is used (so-called Barus phenomenon) to cause a problem that the unevenness of the 
film increases. 

In order to produce the film of the present invention, it is necessary to adjust the mixing ratio (weight ratio) of 
PET/modified PBT within the range from 70/30 to 95/5, preferably from 80/20 to 90/10. more preferably from 85/15 to 
35 90/10. 

When the mixing ratio of the modified PBT is less than 5% by weight, the linearly tearing property is not obtained. 
On Vne other hand, when it exceeds 30% by weight, not only a change in thickness of the film increases and the linearly 
tearing property of the resulting film is lowered, but also performances such as mechanical strength, cfimensional sta- 
bility, haze, etc. are lowered, which results in problem on practical performances. That is. in order to impart the linearly 
40 tearing property and practical performances of the film, it is necessary to adjust the mixing ratio of PET to modified PBT 
within the above range. 

The modified PBT in the present invention can also be obtained by adding PTMG to BT. followed by polyconden- 
sation. It is also obtained by a more simple method of melt-kneading a polybutylene terephthalate (PBT) obtained by 
further polycondensing BT, with PTMG using an extruder, 
45 Incidentally, unless the effect of the present invention is spoiled, other polymers such as polyethylene naphthalate, 
polycyclohexylenedimethylene terephthalate, etc. can be mixed with the raw material resin in the present invention. 

In case of producing the film of the present invention, a mixture of tiie modified PBT and PET is introduced in an 
extnjder first and, after melting with heating, the molten mixture is extruded in the form of a sheet through a die orifice 
of a T-die to produce an unoriented sheet. 
so The sheet extruded through the die orifice of the T-die is cooled in closely contacting with a cooling drum by means 
of the electrostatic casting method, oriented at a ratio of 3.0 to 5.0 in longitudinal and lateral directions and then heat- 
ti'eated at the temperature of 210 to 245°C to form a biaxially oriented film. 

When the orienting temperature is lower than 90''C. a homogeneous oriented film can not be obtained, sometimes. 
On the other hand, when it exceeds 140''C. the crystallization of PET is accelerated and the transparency sometimes 
55 becomes inferior. 

When the orienting ratio is less than 3.0. the strength of the resulting oriented film is low and pinhole is liable to 
arise when formed into a bag. On the other hand, when it exceeds 5.0, it becomes difficult to conduct orientation. 
Furthermore, when the heat-treating temperature is lower than 210^*0, the heat shrinkage rate of the resulting ori- 
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ented film becomes large and the bag after formed is sometimes deformed. On the other hand, when the heat-treating 
temperature is higher than 245^*0. fusing of the film sometimes arises. 

The biaxially orienting method may be any one of a tenter simultaneous biaxiaily orienting method and a succes- 
sive biaxially orienting method using a roll and a tenter. Furthermore, the biaxially oriented film may also be produced 
5 by a tubular method. 

It is preferred that the biaxially oriented polyester film of the present invention has a tensile strength within the range 
from 17 to 35 kgi/mm^. When the tensile strength is smaller than tiiis range, the practical strength is insufficient. On the 
other hand, even when it exceeds this range, not only the quality becomes more than enough but also the op^ation 
property on production of the film is lowered and, therefore, it is not preferred economically. 
10 Furthermore, it is preferred that the tensile elongation is normally within the range from 80 to 1 60% (average value 
in longitudinal and width directions). 

It is preferred that the heat shrinkage factor of the biaxially oriented polyester film of the present invention is within 
the range of not more than 3% (average value in longitudinal and width directions) after subjecting to a heat treatment 
of ^6(y*C x 15 minutes. When it exceeds 3%. the printability is deteriorated and, therefore, it is not preferred. 
IS It is preferred that the biaxially oriented polyester film of the present invention has a haze of not more than 10%. 
When the haze exceeds 10%. the transparency of the film becomes inferior and the commercial value is lowered. 

It is possible to subject the biaxialiy oriented film of the present invention to surface treatment such as corona dis- 
charge treatment, surface hardening treatment, plating treatment, coloring treatment, paint finishing treatment, coating 
treatment and the like. 
20 The following Examples illustrate the present invention in detail. 

Raw materials and measuring methods used in the evaluation of the Examples and Comparative Examples are as 
follows. 

(1) Raw material 

25 

PET: manufactured by Unitika Ltd.. having a relative viscosity of 1.38 
PBT: available from Mitsubishi Engineering Plastics Co., Ltd. 

in the name of Novadule 5010 having a relative viscosity of 1.10 (measurement is the same as that 
described above) 

30 

(2) Measurement 
Relative viscosity: 

35 The relative viscosity of the solution of the resin in a mixture of phenol and tetrachtoroethane (1:1 by weight) was 
measured at a concentration of 0.5g/dl and at 20**C. 

Lineariy tearing property: 

40 Ten test pieces were produced by cutting a biaxially oriented film into film pieces of a strip shape [205 mm in a lon- 
gitudinal direction (MD direction) and 40 mm in a width direction (TD direction) and forming a notch of 5 mm (length) at 
a center portion of one short side of these film pieces (see Fig. 1). 

Then, the test piece was torn from the notch in the MD direction by hands and tiie number of test pieces wherein 
a tearing propagation end reached a short side which faces the side with the notch, as shown in Fig. 2(a), was taken 

45 as the evaluation value of the linearly tearing property in the MD direction (evaluation value of not less than 8 was 
judged as "acceptance"). 

The linearly tearing property in the TD direction was determined according to the same manner as that described 
above except for using those obtained by cutting the film into film pieces of a strip shape [205 mm in the TD direction 
and 40 mm in the MD direction] as the test piece. 
50 Incidentally, the evaluation was conducted with respect to the left end portion, center portion and right end portion 
of the f itm which was wound up after oriented. 

Haze: 

55 The haze of the film having a thickness of 12 ^m was measured according to ASTM D1 03-61 . 
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Tensile strength: 

The tensile strength of the test piece having a width of 1 0 mm and a length of 1 00 mm was measured according to 
ASTM-D882. 

5 

Unevenness: 

Using a micrometer manufactured by Hydenhyne Co. the thickness of the center portion in the width direction of 
the film was measured at 20 points at a pitch of 10 cm in the MD direction, and then the unevenness (%) was deter- 
10 mined according to following formula: 

[(Maximum thickness value - minimum thickness value)/average thickness value] x 1 00 

Example 1 

15 

1 94 Parts by weight of dimethyl terephthalate. 1 08 parts by weight of 1 .4-butanediol and tetrabutyl titanate (80 ppm 
in terms of a weight of titanium metal based on the polymer) were added and transesterified at 150 to 210**C for 2.5 
hours. 

The obtained reaction product (90 parts by weight) was charged into a polymerization vessel, tetrabutyl titanate (40 
20 ppm) and 10 parts by weight of PTMG having a molecular weight of 1 ,100 were added, and then evacuated to finally 1 
hPa. Under this pressure the melt polymerization was conducted with heating from 210 to 245**C for 2 hours to obtain 
a modified PBT having a relative viscosity of 1.60. 

A composition prepared by simple chip-mixing PET with the modified PBT in a weight ratio of 85/15 was melt- 
extruded at a resin temperature of 280''C using a 200 mm0 extruder equipped with a coat hanger type T-die, and then 
25 rapidly cooled in closely contact with a cast roll, whose temperature was adjusted to 20''C, with applying an applied volt- 
age of 7 kV to an pinning wire to obtain an unoriented sheet having a thickness of about 190 

The resulting unoriented sheet was oriented at 90°C by a roll longitudinally orienting device (orienting ratio: 3.5) 
and oriented at 120''C by a tenter lateral orienting device (orienting ratio: 4.5). heat-treated at 235*'C (relaxation rate in 
lateral direction: 3%) and then cooled to a room temperature gradually to obtain a biaxlally oriented film having a thick- 
30 ness of 12 ^m. 

The lineariy tearing property of the resulting biaxially oriented film was measured. The results are shown in Table 1 . 

Examples 2 to 12 and Comparative Examples 1 to 8 

35 According to the same manner as that described in Example 1 except for changing the molecular weight of PTMG, 
weight ratio of PTMG In the modified PBT and weight ratio of PET to the modified PBT as shown in Table 1 and Table 
2, a biaxially oriented film was otTtained, respectively. 

The linearly tearing property of the resulted biaxially oriented film was measured. The results are shown in Table 1 
and Table 2. 

40 In Examples 2 to 12, the biaxially oriented film having excellent transparency, strength, thickness accuracy and lin- 
early tearing property was obtained. In Comparative Examples 1 to 2, since the copolymerization proportion of PTMG 
in the modified PBT is large, the unevenness of the resulting film increased. Particulariy, in Comparative Example 1 , it 
became impossible to form a film. 

In Comparative Examples 3 to 4, since the copolymerization proportion of PTMG in the modified PBT is too small, 
45 the linearly tearing property was not ol>tained. 

In Comparative Example 5, since the molecular weight of PTMG in the modified PBT is too small, the linearly tear- 
ing property was not obtained. In Conparative Example 6. since the molecular weight of PTMG is too large, the une- 
venness increased and the linearly tearing property was deteriorated. 

In Comparative Example 7, since the amount the modified PBT formulated is too small, the lineariy tearing property 
50 was not obtained. In Comparative Example 8. since the amount of the modified PBT formulated is too large, the une- 
venness increased and the lineariy tearing property was deteriorated. 

Example 13 

55 A composition prepared by chip-mixing PBT with PTMG having a molecular weight of 2,000 in a weight ratio of 
35/15 (PBT/PTMG) was melt-extruded using a twin-screw extruder and then chipped to prepare modified PBT (relative 
viscosity: 1 .36). 

Then, a composition prepsu^ed by chp-mixing the resulting modified PBT with PET in a weight ratio of 15/85 (mod- 
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ifted PBT/PET) using a 200 mm0 extruder equipped with a coat hanger type Tdie was melted and extruded in retention 
time of 5 minutes and at resin temperature of 270''C. and then rapidly cooled in closely contact with a cast roll whose 
temperature was adjusted to ao'^C. with applying an appfied voltage of 7 kV to an pinning wire to obtain an unoriented 
sheet having a thickness of at>out 190 ^m. 

The resulting unoriented sheet was oriented at 90''C by a roll longitudinal orienting device (orienting ratio: 3.5) and 
oriented at 120**C by using a tenter lateral orienting device orienting ratio: 4.5). heat-treated at 235*'C (relaxation rate in 
lateral direction: 3%) and then air-cooled to room temperature to obtain a biaxiaily oriented fflm having a thickness of 
12 ^m. 

The linearly tearing property of the resulting biaxiaily oriented film was measured. The results are shown in Table 1 . 
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Examples 14 to 24 and Comparative Examples 9 to 16 

A four-sides sealed bag (each 200 mm in longitudinal and lateral directions) was produced by dry-laminating the 
films obtained in Examples 1 and 7 as well as Comparative Examples 5 and 7 according to the construction shown in 
Table 3. and forming the laminated film into a bag so that the longitudinal direction of the polyester film becomes a tear- 
ing direction of the bag. respectively. Then, the evaluation of the linearly tearing property was canried out. 

The evaluation results of the linearly tearing property are shown in Table 3. 

The evaluation was conducted as follows. That is. the bag which was torn almost linearly was judged as "accept- 
ance" while the bag which could not been torn or torn in the inclined direction was judged as "rejection". 
Abbreviations of resinous films for packaging material are as follows. 

PT1 : biaxially oriented film ot>tained in Example 1 

PT2: biaxially oriented film otrtained in Example 7 

PT3: biaxially oriented film obtained in Comparative Example 5 

PT4: biaxially oriented film obtained in Comparative Example 7 

LLDPE: linear low-density polyethylene (TUX-TC manufactured by Tokyo Cellophane Co., Ltd.. thickness: 60 jim) 
ON: biaxially oriented nylon 6 film (manufactured by UNITIKA Ltd., tiiickness: 15 ^im) 
CPP1 : non-oriented polypropylene film (manufactured by Toray Co., Ltd.. thickness: 30 pm) 
CPP2: non-oriented polypropylene film (manufactured by Toray Co., Ltd.. thickness: 60 jim) 
AL: aluminum foil (manufactured by Showa Aluminum Co., Ltd., thickness: 7 ^im) 
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• VM: vaporized AL on PTl 

• VS: vaporized SiOx on PT2 
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Claims 

1 . A biaxially oriented polyester film having a linearly tearing property at least in a longitudinal direction, which is pro- 
duced from a mixture of polybutylene terephthalate containing 5 to 20% by weight of a polytetramethylene glycol 

5 (PTMG) unit having a molecular weight of 600 to 4.000 (modified PBT) and polyethylene terephthalate (PET) in a 

weight ratio (PETAnodified PBT) of 70/30 to 95/5. 

2. The biaxially oriented polyester film according to claim 1 , wherein the modified PBT is a polycondensation product 
of an esterified corr^urxJ (BT) of terephthalic acid or esters thereof and 1 .4-butanediol. and PTMG having a 

10 molecular weight of 600 to 4000. 

3. The biaxially oriented polyester film according to datm 1 . wherein the modified PBT is a product obtained by mixing 
80 to 95% by weigtit of polybutylene terephthalate (PBT) with 20 to 5% by weight of PTMG having a molecular 
weight of 600 to 4.000 and melt-kneading the mixture. 

IS 

4. The biaxially oriented polyester film according to any of claims 1 to 3. wherein the modified PBT contains 10 to 20% 
by weight of the PTMG unit and 90 to 80% by weight of the BT unit. 

5. The biaxially oriented polyester film according to any of claims 1 to 3. wherein the modified PBT contains 1 0 to 1 5% 
20 by weight of the PTMG unit and 90 to 85% by weight of the BT unit. 

6. The biaxially oriented polyester film according to any one of claims 1 to 5, which has a tensile strength of from 1 7 
to 35 kgf/mm^, a dry heat shrinkage factor of not more than 3% {160**C x 15 minutes) and a haze of not more than 
10%. 
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7. A laminated film comprising the biaxially oriented polyester film of any one of claims 1 to 6 as at least one layer. 

8. An easily openable packaging bag made of the laminated film of claim 7, In which an easily tearing direction of the 
laminated film is coincided with a tearing direction of the bag. 
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Fig. 2B 
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